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© A system for analogue to digital conversion com- 
prising a means (4) for receiving an input analogue 
signal, a dither means for adding a dither signal and 
an analogue to digital converter (2) for converting the 
combined input signal and dither signal to a digital 
value, characterised in that the dither means pro- 
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vides a dither signal of a form comprising a first 
periodic dither signal having superimposed and be- 
ing shaped by a second signal having at least one 
component which varies the first periodic dither sig- 
nal over at least one quantisation interval of the 
analogue to digital converter. 
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The present invention relates to a system for 
analogue to digital conversion comprising a means 
for receiving an input analogue signal, a dither 
means for adding a dither signal and an analogue 
to digital converter for converting the combined 
input signal and dither signal to a digital value. 

Application of a dither or QED (Quantisation 
Error Dispersion) signal to an analogue signal prior 
to conversion to a digital value is a well-known 
signal processing technique for overcoming the 
limitations of the resolution of a particular analogue 
to digital converter. The limit of resolution of a 
converter is generally fixed by the spacing between 
levels of the converter. For example, for a typical 
analogue to digital converter, an analogue signal 
falling between two adjacent levels or steps of the 
converter will always be converted to the lower 
digital value. Thus a quantisation error is intro- 
duced as different analogue values falling within 
this interval will all give rise to the same digital 
value. Improving the resolution of the converter by 
increasing the number of levels reduces this error 
but is a complicated and costly way of doing this. 
Furthermore, for some applications, digital conver- 
sion of signals of quite different magnitudes may 
be necessary and, for low magnitude signals, vari- 
ations of interest in the signal may still lie between 
two levels of the converter. 

Addition of a dither signal, such as a ramp 
signal or a white noise signal, to the input signal 
prior to digital conversion provides one way of 
compensating for these quantisation errors. Con- 
sider, for example, the case of an analogue signal 
being of a value of exactly half a quantisation level. 
If no dither signal is applied, the converter will 
output the lower digital value at all times. However, 
if a rising ramp signal of a magnitude equal to one 
quantisation interval is added to the input signal 
prior to conversion, the magnitude of the combined 
signal will remain below the next threshold for half 
the time, of the ramp but will rise above the next 
threshold for the other half of the time such that the 
converter will output the lower quantisation level for 
half the time and the upper level for the other half 
of the time. Averaging the output of the converter 
over the ramp time will thus give a value cor- 
responding to the average of the two quantisation 
levels, i.e. the actual value of the input analogue 
signal. 

Such signal processing techniques have been 
widely developed in a number of different applica- 
tions, such as image processing, communications 
systems and metering technologies, and using var- 
ious dither signals such as periodic ramp signals or 
non-periodic white noise. See, for example, US 4 
187 466, EP 0 047 090 or EP 0 181 719. 

A particular problem rises where a periodic 
dither signal, such as a periodic triangular ramp 



signal, is used (as opposed to a white noise dither 
signal). In order to completely suppress any quan- 
tisation error, the dither signal should extend over 
an exactly integral number of quantisation intervals. 
5 If not, an error, the magnitude of which will depend 
on the amplitude of the input signal, will still be 
introduced. For example, consider the case of a 
periodic dither signal having a peak to peak am- 
plitude not equal to an integral number of quan- 
go tisation intervals, that is, having a peak value which 
falls between two quantisation levels. For measure- 
ments around this peak, the digital output of the 
converter will not accurately reflect the amplitude 
of the input signal and, indeed, the output will not 
75 distinguish between some input signal magnitudes. 
In contrast, for a dither signal of integral number of 
quantisation intervals, the digital output will vary 
with and proportionally reflect the analogue input. 
However, in view of the non-linearities and uncer- 

20 tainties in the quantisation level spacing for an 
analogue to digital converter together with vari- 
ations in component tolerances and temperature 
drifts it is difficult to ensure that the dither signal 
conforms to this strict criterion and such residual 

25 quantisation errors are usually unavoidable. 

The present invention is characterised in that 
the dither means provides a dither signal of a form 
comprising a first periodic dither signal being 
shaped by a second signal having at least one 

30 component which varies the first periodic dither 
signal over at least one quantisation interval of the 
analogue to digital converter. 

This second dither signal is effective to com- 
pensate for any differences between the peak to 

35 peak amplitude of the first dither signal and an 
integral number of quantisation intervals as the 
position of the maximum and/or the minimum peak 
of the dither signal in relation to the position of a 
quantisation level will be varied over at least one 

40 quantisation interval such that any residual quan- 
tisation errors dependent on the signal magnitude 
will be removed or at least substantially reduced. 

In one embodiment, the second dither signal 
may be represented as a white noise signal having 

45 a peak to peak amplitude of greater than one 
quantisation interval of the digital converter. For 
example, a white noise signal having an amplitude 
standard deviation of plus or minus half a quan- 
tisation level may be used. With the normal dis- 

50 tribution for a white noise signal, the maximum 
amplitude will be plus or minus one and a half 
quantisation intervals, this giving a peak to peak 
amplitude of 3 quantisation intervals. 

Superposition of such a noise signal over the 

55 periodic first dither signal will act to vary the peak 
values of the dither signal. However, preferably, the 
second dither signal is represented by a second 
periodic signal, for example, of a lower frequency 
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than the first periodic dither signal such that the 
maximum or minimum peaks of the first periodic 
signal may vary slowly in time by the magnitude of 
at least one quantisation interval. Use of a second 
periodic signal enables the composite dither signal 
to be controlled in a known manner to provide 
optimum compensation. The first dither signal may 
comprise a triangular ramp signal- 
In one embodiment, the second periodic signal 
may be a simple rising and falling ramp signal, of a 
peak to peak magnitude greater than one quan- 
tisation interval of the analogue to digital converter, 
added to the first periodic dither signal to introduce 
a drift in the total dither signal. This embodiment 
suffers from the disadvantage, however, that a low 
frequency component corresponding to the ramp 
frequency will be introduced. As will be discussed 
below, the frequencies of the signals introduced 
can be important in some further preferred embodi- 
ments. 

In a particularly preferred embodiment, the 
second periodic signal comprises a modulation sig- 
nal defining a modulation envelope for the first 
dither signal, the upper and lower boundaries of the 
modulation envelope each varying with a mag- 
nitude of greater than one quantisation interval of 
the analogue to digital converter. Such an envelope 
is easily generated and avoids the problems of 
introduction of unwanted frequency components 
associated with use of a ramp as the second dither 
signal. 

Preferably, the combined dithered signal is of a 
form comprising a first triangular ramp signal mod- 
ulated by a second modulation signal, the upper 
and lower boundaries of the envelope varying with 
a magnitude of greater than one quantisation inter- 
val. In order to generate such a signal the dither 
means may conveniently comprise a means for 
generating a pulse width modulated signal, a 
means for generating a square wave, integrating 
means for integrating the pulse width modulation 
signal to generate the upper and lower boundaries 
of a modulation envelope, means for modulating 
the square wave by this envelope, and means for 
integrating the modulated square wave to produce 
a modulated triangular ramp signal. In a practical 
embodiment, a pulse width modulated signal and a 
square wave can be usually provided by a port of a 
microprocessor chip. The remaining components 
required for integration may comprise easily avail- 
able and inexpensive capacitors and resistors and 
a simple IC component can be used to effect 
modulation of the square wave. Thus, this embodi- 
ment provides an inexpensive and easily realisable 
means to produce a combined dither signal ac- 
cording to the present invention. 

In alternative embodiments, the first periodic 
signal may assume other forms such as, for exam- 
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pie, a repeating up ramp signal (rather than a 
triangular ramp) or any other convenient dither 
signal. 

Advantageously, the amplitude of the first peri- 
5 odic signal may be greater than a plurality of 
quantisation intervals of the analogue to digital con- 
verter. Use of a large scale dither signal enables 
minimisation of any non-linearity quantisation errors 
introduced by variations in the spacing of an in- 

10 dividual quantisation level by enabling averaging 
over a plurality of such levels. The contribution of 
any non-linearity in the spacing of one particular 
quantisation interval is thus reduced. Combined 
with a second superimposed signal as defined 

75 above to remove any residual signal dependant 
quantisation errors associated with the first dither 
signal, this embodiment provides a particularly ac- 
curate means for reducing quantisation errors and 
increasing the resolution of the analogue to digital 

20 converter. In such a embodiment, a second peri- 
odic signal of a range of similar magnitude may 
also be superimposed such that the peak to peak 
value of the first signal may vary from effectively 
zero to its maximum. However, modulating the first 

25 dither signal in this way somewhat reduces the 
effectiveness of the large scale first dither signal to 
reduce non-linearity quantisation errors, as the 
peak to peak magnitude of the first signal will be 
reduced for a great deal of the time. Thus, prefer- 

30 ably, the combined signal comprises a first peri- 
odic signal of a magnitude of relatively large num- 
ber of quantisation intervals, and a second super- 
imposed signal of a relatively small number of 
quantisation intervals. This provides a balance be- 

35 tween the effects of the first signal in reducing non- 
linearity quantisation errors and the second signal 
in reducing residual signal dependant quantisation 
errors. 

For example, using a modulated dither signal 

40 with an analogue to digital converter of 256 levels, 
the dither signal may comprise a ramp of around 
60 intervals modulated by an envelope, the upper 
and lower boundaries of which vary by 4 intervals. 
The present invention is particularly applicable 

45 to the field of measurement of values of an a.c. 
varying power supply and in one embodiment, ex- 
tends to a metering apparatus including a sensor 
means for providing an analogue signal representa- 
tive of the voltage or current of an a.c. supply and 

so a system for analogue to digital conversion of that 
signal as described above. The field of a.c. power 
measurement is one example where signal 
strengths, such as measured current, may vary 
over a wide range of values, and the present inven- 

55 tion is particularly useful in facilitating accurate 
measurement of such values whilst minimising the 
number of bits required in a converter. 
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Advantageously, the metering apparatus may 
further comprise a first high frequency filter con- 
nected between the sensor means and the dither 
means, the frequency of the first periodic dither 
signal being set at a value above the cut-off fre- 
quency, and in which a second high frequency 
filter is applied at the output of the analogue to 
digital conversion to reduce or eliminate the first 
periodic dither signal. This embodiment enables 
the effects of the dither signal to be filtered out. As 
discussed above, selection of a modulation 
waveform for the second dither signal in one pre- 
ferred embodiment means that no further frequen- 
cy signals need be introduced into the frequency 
band of interest. 

In one embodiment, the analogue to digital 
converter operates at a sampling frequency to 
sample values to be converted, the first cut-off filter 
being set at a value below half the sampling fre- 
quency, i.e. the Nyquist frequency, and the fre- 
quency of the first periodic signal being set at a 
value between the cut-off frequency of the first high 
frequency filter and half the sampling frequency, 
the output filter comprising a decimation means 
arranged after the analogue to digital converter to 
sum subsequent digitally converted values. As will 
be explained in more detail below in relation to the 
preferred embodiment, fixing the sampling frequen- 
cy and the dither frequency in this manner has the 
effect that two immediately subsequent digitally 
converted values will correspond to converted ana- 
logue values of the input signal plus a first dither 
increment and of the input signal minus a second 
dither increment, where the first and second incre- 
ments are extremely close. Accordingly, addition of 
two adjacent values leaves only a small residual 
incremental value plus a value corresponding to 
twice the input signal, such that the dither signal is 
effectively subtracted leaving an enhanced input 
signal prior to any further operations. In alternative 
embodiments the output filter may be omitted. 

Preferably, the metering apparatus or conver- 
sion system includes an integrator or accumulator 
means to sum the digitally converted values cor- 
responding to the power associated with converted 
voltage and current values. 

There will now be described, by way of exam- 
ple only, embodiments of the invention with refer- 
ence to the accompanying figures, in which : 

Fig. 1 shows a metering apparatus including an 
analogue to digital conversion system using a 
dither signal according to one embodiment of 
the invention; 

Fig. 2 shows in detail the means for generating 
the dither signal used in the metering apparatus 
of Fig. 1; 

Fig. 3 shows the dither signal generated by the 
means of Fig. 2; 



Fig. 4 shows an alternative dither signal which 
may be used according to the present invention; 
Fig. 5 shows the probability distribution of a 
conventional single periodic dither signal com- 
5 pared with the probability distribution of the dith- 

er signal of Fig. 3; 

Fig. 6 shows, by way of illustration of the deci- 
mation process, the effects of sampling a ramp 
signal, where the ramp signal is chosen to have 
io a frequency at just below half the sampling 
frequency; 

Fig 7. shows the relative quantisation noise pow- 
er suppression as a function of the relative mag- 
nitudes of the first and second dither signals. 

75 Fig. 1 shows a metering apparatus for calculat- 

ing the energy taken from an a.c. supply compris- 
ing an analogue to digital converter 1 for converting 
the analogue measured current and voltage values 
to digital values, a multiplier 2 for multiplying these 

20 values together and an integrator or accumulator 3 
for integrating the instantaneous energy value over 
a period of time. The converter 1 samples ana- 
logue values at a fixed sampling rate and converts 
these values to digital values depending on their 

25 position in relation to a nearest lowest quantisation 
level. The apparatus also includes a dither means 4 
for adding a dither signal to the analogue current 
value before digital conversion, high frequency fil- 
ters 5 and 6 having a cut-off frequency at below 

30 half the sampling frequency of the analogue to 
digital converter and decimation means 7 and 8 
which operate as a high frequency filter. 

Input current and voltage measurements are 
taken by conventional devices, such as a current 

35 shunt or a voltage divider circuit, and the current 
and voltage signals I and U are then passed 
through high frequency anti-aliasing filters which 
filter out all signals below half the sampling fre- 
quency of the analogue to digital converter, but 

40 which leave the a.c. supply frequencies of interest. 
Typically, for an a.c. supply of 50 Hz, the sampling 
frequency of the converter used in this embodi- 
ment will be of the order of 4 250 kHz, with the 
filters 5 and 6 having a cut-off below 2 125 kHz, 

45 the cut off point being defined for the filters as the 
point which an input amplitude is attenuated by a 
factor of two. Prior to conversion by the converter 
1, a dither signal is added to the analogue current 
signal by the dither means 4. In this particular 

so embodiment, it is only the current signal that is 
dithered, in view of the wide range of possible 
values that this might assume. In contrast, the 
voltage may be assumed to be generally constant. 
However, in alternative embodiments, the voltage 

55 signal U may also be injected with a dither signal. 

In this embodiment, the signal being dithered 
is an a.c. varying signal. As will be discussed 
below, the main frequency of the dither signal and 
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the sampling frequency of the converter used are 
considerably greater than the frequency of the sup- 
ply, such that dithering (and averaging by subse- 
quent integration) over a full range of the dither 
signal effectively operates on a constant input val- 
ue and such that the dither frequencies are distin- 
guishable from the a.c. frequencies of interest. 

Conventionally, the dither signal injected at this 
point comprises a simple triangular ramp signal or 
similar. However, as discussed in the introduction, 
such dither signals give rise to errors in view of the 
difficulty in ensuring that the dither signal extends 
across exactly an integral number of quantisation 
levels. In contrast, the present invention utilises a 
dither signal comprising a first periodic dither sig- 
nal having superimposed and being shaped by a 
second dither signal. In the present embodiment, 
and as illustrated in Fig. 3, the compound dither 
signal comprises a first high frequency triangular 
ramp signal 10 modulated by a second lower fre- 
quency dither signal 1 1 . For an analogue to digital 
converter of 256 quantisation intervals, the triangu- 
lar ramp signal 10 may be set at a maximum peak 
to peak amplitude w quantisation intervals, whilst 
the modulation envelope includes upper and lower 
band components 12 and 13 each modulating the 
triangular dither signal 10 over a value y cor- 
responding to at least one quantisation interval of 
the analogue to digital converter. The variation in 
the position of the peak values of the ramp signal 
10 introduced by this modulation overcomes the 
requirement that the ramp extend over exactly an 
integral number of quantisation intervals. 

The resultant probability function of the modu- 
lated signal of Fig. 3 compared with conventional 
triangular ramp signals is illustrated in Fig. 5 of the 
drawings. The upper figure represents the probabil- 
ity distribution of a conventional triangular ramp 
signal in which the ramp has uniform amplitude 
probability density function, that is, the probability 
of the signal being found at a particular value within 
its range is the same for all values. In contrast, the 
probability distribution for the dither signal of the 
present embodiment decreases towards the edges 
of the range, due to the effects of the modulation 
envelope. 

An alternative embodiment having the same 
amplitude probability density function is shown in 
Fig. 4 in which a triangular ramp signal 15 has a 
second triangular ramp signal 16 added to it to 
vary the position of the upper and lower peaks. 
This embodiment suffers from the disadvantage 
that a further frequency element, corresponding to 
the frequency of the second ramp 16 is introduced 
into the signal band of interest. In other embodi- 
ments, the first dither signal may be only modu- 
lated by one component acting on the upper peak 
of the ramp signal. In yet further embodiments, the 



second superimposed dither signal may be a white 
noise signal of a standard deviation of at least plus 
or minus half a quantisation interval. 

Referring to Fig. 3, the embodiment shown 
5 uses a triangular ramp signal 10 set at a maximum 
peak to peak value w of 60 quantisation intervals, 
with a modulation envelope having upper and lower 
band components 12 and 13 modulating the ramp 
signal over a value y equal to 4 quantisation inter- 

io vals. Thus, the combined signal has a peak to peak 
value varying from a minimum z at 56 quantisation 
intervals to a maximum x at 64 quantisation inter- 
vals. The relative amplitudes of the first and sec- 
ond dither signals are chosen as providing a rea- 

75 sonable correction by the second signal of the 
residual quantisation errors when the peak to peak 
value of the first dither signal is not equal to an 
integral number of quantisation intervals whilst al- 
lowing effective compensation of non-linearities of 

20 the quantisation levels by the first ramp signal. As 
discussed in the introduction, use of a ramp signal 
extending over a large number of quantisation in- 
tervals facilitates compensation of non-linearities of 
quantisation levels falling within this band. Increas- 

25 ing the amplitude of the modulation components 
reduces this compensation effect, but increases the 
compensation for residual signal dependant quan- 
tisation errors. 

Referring to Fig. 7, there is shown a graph 

30 indicating the relative quantisation noise suppres- 
sion of residual quantisation errors versus the value 
2/2, where z is shown in Fig. 3. As shown, the 
noise suppression is worst at z/2 = 32 (which 
corresponds to a conventional ramp signal with no 

35 modulation) and best at z/2 = 0 (which corre- 
sponds to a moduation in which the modulation 
envelope reduces the ramp signal to zero at its 
minimum). However, the improvement in compen- 
sation for such residual errors rapidly decreases as 

40 z/2 approaches zero and any such gains are out- 
weighed by the reduction in effectiveness of the 
ramp signal to compensate for non-linearities. Ac- 
cordingly, in the embodiment of Fig. 3 the value 
z/2 is set at 28, which provides a reasonable bal- 

45 ance between the two. 

Referring to Fig. 2, there is shown a means 4 
for generating the dither signal of Fig. 3 comprising 
a standard 3 switch 4053 IC component fed with a 
high frequency square wave HF and a Pulse Width 

so Modulated signal PWM from the microprocessor 
and associated integrating means 20, 21 and 22, 
each including 2 resistors in series and a capacitor 
connected on the one side to the ground and on 
the other side between the 2 resistors. The 4053 IC 

55 is a standard component in which signals on con- 
trol lines A, B and C control the output appearing 
on the corresponding output lines, switched be- 
tween either of the associated inputs lines. For 
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example, the square wave HF at control line A 
switches the input between V1 and earth (the in- 
puts being further modulated by the outputs of the 
pulse width modulated signals). Similarly, the pulse 
width modulated signals at control lines B and C 
will cause V2 or earth and V3 or earth to appear at 
the outputs B and C respectively. 

Pulse width modulated signals are, of course, 
well-known in the art and may be represented by a 
duty signal of alternately increasing and decreasing 
duty ratio. For example, for a 16 bit PWM signal, 
the output will be high for 1/1 6th of the total pulse 
length, then for 2/16th of the pulse length, 3/16th 
etc. After a peak is reached, the duty ratio then 
slowly decreases. In the present embodiment the 
pulse width signal PWM at control lines B and C 
causes pulse width modulated signals of magnitude 
V2 and V3 to appear at the outputs B and C, 
respectively. Relative inversion of the voltage in- 
puts at B and C to earth means that the pulse 
width signal at B increases whilst C decreases and 
vice versa. 

Integration of the pulse width modulated out- 
puts B and C by the integrating means 21 and 22 
produces opposing rising and falling ramp signals. 
The integrating means may simply comprise a 
capacitor and resistor arrangement as shown. 
These rising and falling ramp signals define the 
upper and lower bands of a modulating envelope 
and modulate the inputs V1 and earth as applied to 
the input A. As discussed, the high frequency 
square wave HF at control line A controls the 
switching between V1 and earth, such that a modu- 
lated square wave appears at the output A. This 
modulated square wave may then be simply in- 
tegrated to produce the modulated triangular ramp 
signal shown in Fig. 3 

Referring to Fig. 1, the filters 5 and 6 introduce 
a cut-off frequency of a value below half the sam- 
pling frequency (the Nyquist frequency) of the con- 
verter at 2 125 kHz. The frequency of the ramp 
component is chosen to be above the cut-off fre- 
quency and below half the sampling frequency. 
The relative values of each frequency may be 
chosen according to the implementation. Typically, 
the ramp dither frequency will be a few Hertz 
below the Nyquist frequency, whilst each branch of 
the modulating envelope typically has a frequency 
less than a Hertz. Use of a modulation envelope, 
rather than a ramp signal (as shown in Fig. 4) 
means that no unwanted frequency components 
will appear in the signal band of intrest from this 
modulating signal. 

Fig. 6 shows the effects of choosing a ramp 
signal of just under half the sampling frequency of 
the analogue to digital converter. The effects are 
shown in relation to a non-modulated ramp signal 
but extend in the same manner to a modulated 
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signal. The ramp signal is such that a half period t2 
is just greater than the sampling period t1 of the 
converter. Thus, the first sample at t1 will include a 
small positive value d1 of the dither, the second 
s sample a slightly larger negative value d2, then a 
slightly larger positive value d3 and then a slightly 
larger negative value d4, and so on. These dither 
values are added to the analogue input I of the 
current and converted. The output of the converter 

io then comprises a frequency spectrum having the 
digitally converted a.c. current value at 50 Hz and 
the dither signal (including any quantisation errors) 
at a frequency close to half the sampling fre- 
quency. In order to subtract the dither signal after 

15 conversion, the embodiment further comprises digi- 
tal decimation means which effectively sum to- 
gether adjacent sampled values. Referring to Fig. 
6, the first digital value will correspond to the 
converted value I + d1, whilst the second will 

20 correspond to I - d2. Addition of these two values 
results in the value 21 - (d2 - d1). Assuming d1 and 
d2 are of similar magnitude the converted value d2 
- d1 will be negligible. Provided that the relative 
frequencies of the converter and the ramp signal 

25 have been chosen correctly the contribution of the 
residual amounts will vary between zero and one 
quantisation level, according to the relative position 
of subsequent values to the nearest quantisation 
steps. Hence the decimation means effectively fil- 

30 ters out or at least greatly attenuates the dither 
noise signal and gives a current signal of double 
magnitude, but half frequency. 

Decimation is also carried out on the converted 
voltage signal U in order to maintain the relative 

35 phase between the current and voltage. Although 
the decimination means 7 and 8 have been shown 
as seperate logical elements, in practice these 
functions may be carried out by the microproces- 
sor. Other decimation techniques are possible, for 

40 example, by summing weighted values of three or 
more adjacent digital outputs. 

After decimation, the converted voltage and 
current signals are passed to a conventional multi- 
plier circuit 2 and then to an integrator or accu- 

45 mulator 3 to total the energy consumed. Any noise 
signal remaining from the decimation process will 
comprise a square wave of relatively low frequen- 
cy. The actual frequency of the square wave will 
depend on the ramp amplitude, the ramp frequen- 

so cy, the sample frequency and the quantisation in- 
terval size but should be generally much less than 
the frequency of the a.c. supply. The magnitude of 
this square wave will be equal to one quantisation 
level. Integration over a period of time will thus also 

55 cancel the effect of any residual noise, any positive 
contribution by a dither signal to the running total 
being cancelled by an opposing negative contribu- 
tion of equal value. For a given magnitude of an 

6 
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input signal, the digital output after substraction 
over the range of the first dither signal will cor- 
respond to a sequence of values, varying in mag- 
nitude by approximately one quantisation level, the 
average value of which corresponds to the actual 
input signal. 

In practice, it is possible to eliminate the deci- 
mation step and to average converted current val- 
ues including an added component varying over 
the full range of the periodic first dither signal. For 
a given input signal the digital output of the analog 
to digital converter comprises the input signals, the 
quantisation noise, and the dither components lo- 
cated between the filter cut-off frequency and the 
Nyquist frequency. As the input amplitude informa- 
tion is statistically uncorrelated to the dither com- 
ponentsin the digital signal, the digital current sig- 
nal could be used directly to calculate the energy. 
In such a case, a relatively longer integration time 
is required. 

Claims 

1. A system for analogue to digital conversion 
comprising a means for receiving an input ana- 
logue signal, a dither means for adding a dith- 
er signal and an analogue to digital converter 
for converting the combined input signal and 
dither signal to a digital value, characterised in 
that the dither means provides a dither signal 
of a form comprising a first periodic dither 
signal being shaped by a second signal having 
at least one component which varies the first 
periodic dither signal over at least one quan- 
tisation interval of the analogue to digital con- 
verter. 

2. A system as claimed in claim 1, in which the 
second signal is a second periodic signal. 

3. A system as claimed in claim 2, in which the 
second signal comprises a modulation signal 
defining a modulation envelope for the first 
dither signal, the upper and lower boundaries 
of the modulation envelope each varying with a 
magnitude greater than at least one quantisa- 
tion interval of the analogue to digital con- 
verter. 

4. A system as claimed in any preceding claim, 
in which the first dither signal is a triangular 
ramp signal. 



modulation signal to generate the upper and 
lower boundaries of a modulation envelope, 
means for modulating the square wave by this 
envelope, and means for integrating the modu- 
s lated square wave to produce a modulated 

triangular ramp signal as the dither signal. 

6. A system as claimed in any preceding claim, 
in which the amplitude of the first dither signal 

io is greater than a plurality of quantisation inter- 

vals of the analogue to digital converter. 

7. A system as claimed in claim 6, in which the 
first dither signal is of a magnitude of a rela- 

75 tively large number of quantisation intervals 

whilst the magnitude of the at least one com- 
ponent of the second dither signal is of a 
relatively smaller number of quantisation inter- 
vals. 

20 

8. A metering apparatus for measuring values of 
an a.c. power supply comprising a sensor 
means for providing an analogue signal repre- 
sentative of the voltage or current of an a.c. 

25 supply and a system as claimed in any pre- 

ceding claim for analogue to digital conversion 
of that signal. 

9. A metering apparatus as claimed in claim 8 
30 further comprising a first high frequency filter 

connected between the sensor means and the 
dither means of the converter system, and in 
which the frequency of the first periodic dither 
signal is set at a value above the cut-off fre- 
35 quency, and a second high frequency filter is 

applied at the output of the analogue to digital 
converter to reduce or eliminate the first peri- 
odic dither signal. 

40 10. A metering apparatus as claimed in claim 9, in 
which the analogue to digital converter op- 
erates to sample values at a predetermined 
sampling frequency, the cut-off frequency of 
the first high frequency filter being set at a 

45 value below half the sampling frequency and 

the frequency of the first periodic signal being 
set at a value between the cut-off frequency of 
the first high frequency filter and half the sam- 
pling frequency, and the output filter comprises 

so decimation means arranged after the analogue 

to digital converter to sum subsequent digitally 
converted values. 



A system as claimed in any preceding claim, 
in which the dither means comprises a means 
for generating a pulse width modulated signal, 
a means for generating a square wave, in- 
tegrating means for integrating the pulse width 
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FIG. 4 
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Conventional Ramp Dither 
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Dither Signal of FIG.3 
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